The anatomy of the ostium primum atrial septal defect has been known since Rokitansky's description in 1875. However, until the introduction of cardiac catheterization and open heart surgery, information about the physiology and clinical features of this condition lagged behind knowledge of the morbid anatomy. Attempts at surgical correction have influenced the natural history, and information about the prognosis of the untreated ostium primum atrial septal defect, at present scanty, is unlikely to increase as the scope of cardiac surgery widens. The factors present in severely disabled patients with an ostium primum defect and those who died without surgery have been studied in order to discover causes of spontaneous deterioration.
METHOD AND TERMINOLOGY
During a 6-year period from [1958] [1959] [1960] [1961] [1962] [1963] [1964] 122 patients with ostium primum defect have been seen while the author was holding posts at Guy's Hospital, the Institute of Cardiology, the National Heart Hospital, and the Hospital for Sick Children, Great Ormond Street. The entire series was made up of patients with ostium primum defect drawn from a wide age range (Fig. 1 ). Of these patients, 27, who were severely disabled or died during the period of observation, were the subjects of the present detailed study. The diagnosis was confirmed in 24 of them by inspection of the atrial septum during open heart surgery or necropsy. Palpation of the atrial septum alone during thoracotomy was not considered to provide adequate information; it is possible that in other series where this method of diagnosis has been accepted (Milnor so0 and Bertrand, 1957) (Wakai and Edwards, 1956) (Bedford, 1960 
RESULTS
The clinical and anatomical data on 27 patients who were disabled or died are summarized in Table I. Table II shows details of haemodynamic investigations. Death occurred at all ages with ostium primum defect (Fig. 1) Table IV . Two patients are included who died suddenly. They were assumed to have circulatory arrest from either a lethal arrhythmia or asystole. One of these two patients had proven episodes of 2:1 block and the other was known to have a P-R interval of 0-32 sec. three months before death.
None of the patients whose deterioration was due to an arrhythmia had evidence of pulmonary vascular disease (Table II) . In 3 patients who developed atrial fibrillation (No. 46, 54, and 
DISCUSSION
The natural history of patients with atrial septal defect has been studied by Wood (1962) but no particular attention has been given to ostium primum defects. Bedford, Papp, and Parkinson (1941) in their classic paper on atrial septal defect, which included one proven case of ostium primum defect, stated that the onset of heart failure rarely occurred before 30 and could appear as late as the fifth decade. Wood agreed with this and pointed out that in secundum defects the onset of atrial fibrillation was the main cause of effort intolerance irrespective of the age of the patient. He emphasized that this occurred frequently after 40 years of age and that 50 per cent of patients with atrial septal defect developed atrial fibrillation by 50. Atrial septal defect is the commonest form of congenital heart disease in elderly patients (Kelly and Lyons, 1958) . Several instances of ostium secundum defects have been reported in the sixth and seventh decades (Coulshed and Littler, 1957) and of ostium primum defects in the eighth decade (Sebek and Prochazka, 1959; R. M. Marquis, 1964, personal communication) .
In this series the development of an established arrhythmia was the commonest cause of deterioration. Paroxysmal and/or established arrhythmias occurred in 20 per cent (24 patients) of the entire series (122 patients) and the incidence of arrhythmias is clearly related to the age of the patient (Fig. 2) . Before the age of 30, rhythm changes were uncommon but after 30 there was a distinct '00 increase and it was unusual for these patients to 0 -,PTIENT reach the sixth and seventh decades without de-2 80 veloping an arrhythmia. Atrial fibrillation was / one of the commonest established arrhythmias a and though it developed earlier than with 60 U.
secundum defects it was found less frequently. (Fig. 3) . Right ventriostium primum defect related to age of the patients. cular failure was excluded by cardiac catheterization which in 4 patients revealed a normal end-diastolic pressure in the right ventricle. However, as well as some mitral incompetence, gross tricuspid regurgitation was found in the 3 patients with atrial fibrillation who had surgical treatment, and it appears that it is the production of this valve incompetence, as a result of stretching of the valve ring, which caused the " congestive heart failure " following development of atrial fibrillation; this has been shown to occur with secundum defects also (Wood, 1958) . The clinical deterioration produced by nodal bradycardia may be brought about in the same way.
Complete heart block, which occurred in 6 of the 27 patients, was the most sinister development. Its appearance in 3 patients was marked by increase in breathlessness, an increase ofjugular venous pressure and increased heart size. The poor tolerance to a slow heart rate (whether it be due to complete block or nodal bradycardia) is probably the result of augmentation of the left-to-right shunt following the prolonged diastole which in turn causes further stretching of the right ventricle and tricuspid valve ring, in conjunction with reduction in systemic flow. One other patient (No. 67) had frequent Stokes-Adams attacks for 12 hours before death. Before this she was known to have been in sinus rhythm. The development of heart block is probably brought about by interruption of the-bundle by fibrous tissue which has been found in association with ostium primum defect (Morison, 1913; Yater, Barrier, and McNabb, 1934; Wallgren and Winblad, 1937) . It is probable that turbulence and trauma at the site of the atrial septal defect leads to a fibrous tissue reaction around the defect, and this may invade the bundle which lies very close to the posterior edge. Although complete block may arise in this way, digitalis has been found to lengthen an already prolonged P-R interval and this may lead to complete block. In these patients in sinus rhythm, digitalis should, therefore, be given with caution and may be contraindicated when the P-R interval is very prolonged. The only patient with angina due to short runs of ventricular tachycardia which occurred on effort and precipitated heart failure had no evidence of coronary arterial disease at the -time of closure of the defect which cured the symptom.
The commonest associated factor in patients who died in sinus rhythm was severe mitral regurgitation. These patients were prone to respiratory infections, particularly in the first five years of life. Since this may cause heart failure or death, young patients with large shunts associated with an ostium primum defect should be protected against chest infections if they show this tendency.
Although pulmonary hypertension with increase of the vascular resistance (over 3 units) has been considered to occur commonly with ostium primum defects (Blount, Balchum, and Gensini, 1956; Keith, Rowe, and Vlad, 1958) , it was only present in 5 of the 122 patients (40 .) and caused death in 2 of the 27 patients. Death with right heart failure from pulmonary artery thrombosis secondary to raised pulmonary vascular resistance has been reported by others (Bedford et al., 1941; Campbell and Missen, 1957) but should now be regarded as an uncommon terminal complication. The finding of pulmonary hypertension with the other features of a straightforward ostium primum defect should suggest that the lesion is more extensive and involves the tricuspid valve and upper border of the ventricular septum. Occasionally, as in one patient who was not disabled at the time of operation and is therefore not included here, pulmonary hypertension complicates a simple moderatesized ostium primum defect with cleft mitral valve, but this should be regarded as unusual.
The adverse effect of an associated coarctation which occurs in 3 per cent of patients with an ostium primum defect (J. Somerville, 1964, unpublished observations) mainly results from the systemic hypertension which increases mitral regurgitation and leads to increase of the left-to-right shunt and pulmonary hypertension. Resection of the coarctation should be carried out when this combination of lesions is present and this may lead to diminution of the pulmonary blood flow and pulmonary artery pressure. The hazard of bacterial endocarditis, which tends to occur on the atrio-ventricular valves in patients with this form of congenital heart disease, is known (Tinney and Barnes, 1942; Cahen et al., 1952) . Though it is uncommon, patients should be protected from possible infection since further disturbance in valve function may occur and arrhythmias may be induced prematurely.
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